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A METHOD AND APPARATUS TO MANAGE A RESOURCE 

TECHNICAL FIELD 

This invention relates to the management of a limited resource in a network. More 
specifically, the invention relates to the assignment and release of a limited resource in a 
5 distributed, and possibly wireless, network environment. 

BACKGROUND 

Wireless communication has become highly popular. Every day, people all over the 
world communicate using wireless telephones and pagers, to name just some of the wireless 
applications. Wireless networks are increasingly employed to communicate non-voice 
J 10 information, such as stock quotes, email, and text. Wireless networks may be global and 
^ span the equipment and services of multiple service providers. 

y, When a customer purchases, leases, or otherwise acquires a wireless device, certain 

y actions may be taken. These actions include registering the customer on the wireless 

d network (e.g. identifying the customer to the network), and selecting a service plan for the 

H 1 5 customer. Once these actions are taken the customer may employ the wireless device to 

access the network in accordance with the selected service plan. For example, if the service 
plan includes Internet access, the customer may send and receive Internet email using the 
wireless device. 

Some wireless devices and networks operate in accordance with the Global System 
20 for Mobile Communications (GSM). A GSM wireless device may comprise a subscriber 
identity module (SIM) including "smart card" technology. Smart card technology may 
include a microprocessor, memory, security features, and a digital interface all packaged in a 
small, slender form factor of an order of the size of a phone or credit card. The SIM may be 
inserted into or otherwise coupled to the wireless device to associate a customer identity 
25 with the device. The SIM may comprise an International Mobile Subscriber Identity (IMSI) 
which uniquely identifies the wireless customer to the network. 
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To access the network, the device may communicate the IMSI from the SIM to the 
network. The network may employ the IMSI to identify the customer and to provide access 
in accordance with the customer's selected service plan. The IMSI may be first 
communicated to a mobile switching center (MSC). The MSC may operate as a "front end" 
5 to the network by converting wireless signals to a form suitable for transmission in electrical 
or optical form. The MSC may communicate the IMSI to a home location registry (HLR) 
which may comprise a customer registry. The HLR may employ the IMSI to locate a record 
for the customer in the registry. The customer record may comprise permissions in 
M" accordance with the customer's selected service plan. The HLR may communicate these 
□ 10 permissions to the MSC, and the MSC may then provide the customer's wireless device with 
^ access to the network in accordance with the permissions. For example, if the customer's 

m service plan comprises data services, the permissions to the MSC may enable the wireless 

^1 device to send and receive email via the network. If data service is lacking from the service 

plan, the permissions may enable only voice access, 
o 15 In GSM networks, access to the network may not be granted until the MSC receives 

one or more mobile station integrated service digital network (MSISDN) numbers. An 
3 MSISDN number may be employed to initiate communication with the wireless device, e.g. 

it may be employed as the device's phone number. 

A problem may arise with new wireless customers (e.g. customers previously 
20 unknown to the network and without a service plan). It may be advantageous to allow new 
customers access to the network in order that they may select a service plan. New customers 
may be provided with an IMSI at the point of sale, however, it may not be possible to assign 
an MSISDN number to the customer until after the customer selects a service plan. A 
"chicken and egg" situation arises in which the customer cannot select a service plan (at 
25 least, not using the wireless network) until they are assigned an MSISDN, and an MSISDN 
cannot be assigned until the customer selects a service plan. 
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SUMMARY 

In one aspect, a registration resource is selected at a first location and assigned to a 
customer at a second location. The registration resource is released at the second location 
independently of the first location. 

In another aspect, a first registration MSISDN number is selected from a set at a first 
location. The first registration MSISDN number is communicated to a second location, as is 
a first request to assign the first registration MSISDN to a customer. An error may be 
received from the second location indicating that the assignment failed. At the first location, 
a second registration MSISDN number is then selected from the set and communicated to 
the second location, as is a second request to assign the second registration MSISDN to the 
customer. 

In yet another aspect, a first registration resource selected at a first location is 
received at a second location, as is a request to assign the first registration resource to a 
customer. A determination is made at the second location whether the first registration 
resource is already assigned to another customer. An error may be returned to the first 
location, and a second registration resource selected at the first location may be received at 
the second location, as well as a second request. A determination may be made at the second 
location that the second registration resource is not already assigned to another customer. 
The second registration resource is assigned to the customer. 

DRAWINGS 

Figure 1 is an illustration of an embodiment of a wireless device. 
Figure 2 is a block diagram of an embodiment of a wireless communication system. 
Figure 3 is a block diagram of an embodiment of a wireless communication system. 
Figure 4 is a flow chart showing an embodiment of a method to assign a registration 
resource. 

Figure 5 is a flow chart showing a method embodiment to select a service plan. 
Figure 6 is a flow chart showing a method embodiment to manage a resource. 
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DESCRIPTION 

In the following figures and description, like numbers refer to like elements. 
References to "one embodiment" or "an embodiment" do not necessarily refer to the same 
embodiment, although they may. 

5 One solution to the problem of enabling customer access to the network is to assign 

the customer a registration mobile station integrated service digital network (MSISDN) 
number. The registration MSISDN number may be provided to the mobile switch center 
(MSC) when the customer accesses the network to select a service plan. The permissions 
associated with the customer may not permit calls to the registration MSISDN number. 

10 Rather, the number is provided to the MSC, in conformance with the Global System for 
Mobile Communications (GSM), to enable access to the network for the purpose of 
selecting a service plan. The registration MSISDN number may be a limited resource in 
certain geographies, and thus may be selected from a set (sometimes referred to as a 
'resource pool') of such numbers. Once a service plan has been selected, the registration 

1 5 MSISDN may be returned to the set for assignment to another customer. 

Figure 1 shows an embodiment 108 of a wireless device. Examples of wireless 
devices are telephones, pagers, pocket computers, palm computers, laptop computers, and 
other devices with the capability to connect and interact with a wireless network. The device 
108 may comprise a subscriber identity module (SIM) 101 having an International Mobile 

20 Subscriber Identity (MSI) 103. The SIM 101 may be removable from the device 108, so 
that a person who operates the device 108 may remove the SIM 101 and couple it to another 
wireless device. In this manner, the SIM 101 is associated with a customer and their wireless 
service plan, and not necessarily with a particular wireless device. 

Figure 2 shows an embodiment 200 of a wireless communication system. The system 

25 1 00 is involved with the registration of a wireless device 1 08 with a wireless network. In one 
embodiment an IMSI 103 is obtained from the device 108 at a point of sale. For example, 
when a customer purchases, leases, or otherwise obtains the wireless device 108 from a sales 
outlet, the device's IMSI 103 is obtained and provided to a sales computer 106. A 'sales 
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computers any data processing device capable of manipulating information, including 
personal and desktop computers, laptop computers, terminals, handheld devices, and so on. 

In one embodiment, in order for the customer to access the wireless network to 
choose a service plan, the customer must be registered on the network, where registration 
5 associates the customer's IMSI 103 with a registration MSISDN and access permissions. 
The sales computer 106 communicates the IMSI 103 and a registration request to a 
provisioning system 104. The provisioning system 104 is capable of receiving information 
communicated from the sales computer 106, and may comprise data processing capabilities, 

M- e.g. a processor and memory, to perform operations according to the received information. 

o 

q 10 The provisioning system 104 may comprise a single computer, or a 'site' or 

^ computer center, e.g. a system of more than one computer and associated peripheral 

U1 equipment. In general, the provisioning system 104 is a system comprising a set of 
%j registration resources. 

: The provisioning system 1 04 may select a registration resource (registration 

O 1 5 MSISDN 1 05) to associate with the IMSI 1 03 . The provisioning system 1 04 may 
g{ communicate the IMSI 103 and the registration MSISDN 105 to the HLR 102. The HLR 

3 102 performs a registration of the IMSI 103 and returns an acknowledgement (ACK). In 

response to the acknowledgement ACK, the provisioning system 104 returns a registration 
confirmation to the sales computer 106. The customer may now employ the device 108 to 
20 access the network to select a service plan. 

To select a service plan, the customer activates the device 108 and accesses the 
wireless network by way of the MSC 1 14. The MSC 1 14 communicates with the HLR 102 
and a service center 1 12 to verify the customer's registration, provide service options, 
receive and verify a selected service plan, and assign a service MSISDN. More details of 
25 this process are discussed below. 

In one embodiment, the provisioning system 104 selects the registration MSISDN, 
whereas the HLR 102 assigns the registration MSISDN to the customer IMSI 103. The HLR 
102 may also be responsible for releasing (removing the assignment) of the registration 
MSISDN once the customer selects a service plan. It may be advantageous, as described 
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below, to avoid complex resource management protocols between the provisioning system 

104 and the HLR 102. 

Figure 3 shows more details of an embodiment 300 of a wireless communications 

system. The provisioning system 104 and the HLR 102 are provided at separate locations, 
5 that is, the two are computationally and/or geographically separated. The provisioning 

system 104 comprises a set 302 of registration MSISDN resources. The set may comprise a 

range of resources, defined as a starting and ending values. Alternately, the set 302 may 

comprise discrete values of the resources, or a combination of ranges and discrete values. In 
H; one embodiment, the provisioning system 104 selects a registration MSISDN from the set 

q 10 302 using a random or pseudo-random selection process. In other embodiments, a round- 
J£ robin or other heuristic selection process may be employed. A first-selected registration 
ill MSISDN (#1) is communicated along with the IMSI to the HLR 102. The HLR 102 

Sj compares MSISDN #1 to one or more already assigned or otherwise unavailable registration 

MSISDN resources 306. The resources 306 which are already assigned or otherwise 
□ 15 unavailable may be stored in various fashions, including but not limited to lists, tables, and 
f5 data structures in volatile and/or non- volatile memory. When a match is found between 

MSISDN #1 and an assigned or unavailable resource 306, an error is returned from the HLR 

f — < 

102 to the provisioning system 104. The provisioning system 104 makes another selection 
from the set 302 (MSISDN #2) and communicates this selection to the HLR computer. 
20 When the HLR computer 102 determines no match between MSISDN #2 and an assigned or 
unavailable resource 306, an acknowledgement ACK is returned to the provisioning system 
104. The HLR 102 associates the IMSI 103 with the registration MSISDN #2 in the registry 
304, and adds the registration MSISDN #2 to the assigned or otherwise unavailable 
resources 306. 

25 In one embodiment, the provisioning system 104 does not mark the registration 

MSISDN as assigned or otherwise unavailable in response to the acknowledgement from the 
HLR 102. Rather, the provisioning system 104 and the HLR 102 act independently in regard 
to managing the set 302. The provisioning system 104 selects the registration MSISDN 
numbers to assign; the HLR 102 makes and later releases the assignments, independently of 
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the provisioning system 104. Complex resource management protocols between the two 
locations are thus avoided. 

The HLR 102, like the provisioning system 104, may comprise a single computer, or 
a 'site' or computer center, e.g. a system of more than one computer and associated 

5 peripheral equipment. In general, the HLR 102 operates as a registry system. The HLR 102 
assigns the registration resource to a customer in response to a request from the provisioning 
system 104, provided that the registration resource is not identified in the list 306, and the 
HLR 102 releases the registration resource independently of the provisioning system 104 
upon receiving an indication that the customer has selected a service plan. 

1 0 Both the HLR 1 02 and the provisioning system 1 04 may comprise machine-readable 

media comprising machine-executable instructions to carry out embodiments of the methods 
described herein. By way of example, and not limitation, machine readable media may 
comprise volatile and/or nonvolatile media, removable and/or non-removable media, 
including: RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM, 

15 digital versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or any other information storage 
medium. The machine readable media may be implemented in any method or technology for 
storage of information such as computer readable instructions, data structures, program 
modules or other data. 

20 Figure 4 shows an embodiment 400 of a method to assign a registration resource. At 

402 a registration resource is selected from a set of such resources at a first location. In one 
embodiment, the registration resource is a registration MSISDN and the first location is a 
provisioning system, but the invention is not limited in this regard. At 404 an attempt is 
made from the first location to assign the registration resource at a second location. In other 

25 words, the first location may attempt to cause the assignment to take place at the second 
location. In one embodiment, the second location is an HLR, but again the invention is not 
so limited. In one embodiment the assignment may take the form of associating a 
registration MSISDN with an IMSI in a registry, such as a customer, subscriber, or service 
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registry. Again, any form of association of the resource with other data is contemplated, and 
the invention is not limited to a particular manner or application of assignment. 

At 406 it is determined whether the second location returns an error related to the 
attempted assignment. If an error is returned, the method returns to 402 to select another 
5 registration resource at the first location. Otherwise, the method concludes. 

Figure 5 shows a method embodiment 500 to select a service plan. At 502, a wireless 
device is powered on subsequent to registration, resulting in an access of the wireless 
network by way of the MSC. Events other than a power on may initiate such subsequent 
access, including selection of a function from the keypad or other interface of the wireless 
S 10 device. The access results in the communication of the IMSI comprised by the device to the 
W MSC, which forwards the IMSI to the HLR. In response, the HLR at 504 retrieves the 
m registration MSISDN associated with the IMSI, verifying that the IMSI is registered. The 

HLR communicates with the service center to request service options for the wireless device 
f and the associated customer. The service center communicates the service options to the 

O 1 5 HLR. In addition to the service options, the HLR communicates the registration MSISDN 
J| for the MSI, which the MSC may require before granting continued access to the wireless 

O network. A set of permissions may also be communicated from the HLR to the MSC, 

defining the extent to which the wireless device may access the wireless network. For 
example, at a point in time where the IMSI is registered but the customer has not selected a 
20 service plan, the permissions may limit the wireless device to accessing the network for the 
purposes of selecting a service plan. The wireless device may be prevented from initiating or 
receiving calls or performing any other communication on the network except to the extent 
involved in selecting a service plan. 

The service options are communicated from the MSC to the wireless device. At 506 
25 a service plan selection is made according to the options, and a service selection is 

communicated back to the service center. The service center may verify the customer's 
billing information 507 and activate the selected service 508 by communicating a service 
activation to the HLR. The service center may also communicate a service MSISDN to the 
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HLR; in other embodiments, the HLR may select the service MSISDN from an available set 
of such resources. 

In response, the HLR may at 512 release the registration MSISDN associated with 
the MSI of the device by removing the registration MSISDN from the set 306 of assigned 
or otherwise unavailable registration resources. The registration MSISDN is released 
independently of provisioning which selected it; no communication occurs between the HLR 
and provisioning to effect the release. The HLR may associate the service MSISDN with the 
IMSI at 514, and at 516 set new permissions consistent with the selected service plan. The 
service MSISDN, which may be employed in subsequent accesses to the wireless network 
by the wireless device, is communicated to the MSC, along with the new permissions. The 
MSC will now provide the wireless device access the wireless network to an extent 
consistent with the new permissions. Typically, among other things, the wireless device may 
receive calls (e.g. connection requests) from other devices which specify the service 
MSISDN of the wireless device in the call request. 

Figure 6 shows a method embodiment 600 to manage a resource. At 602 a device 
accesses a network using a registration resource. A service resource is assigned to the 
device, or (in the case of an IMSI or like resource) to a customer identification comprised by 
the device, at 604. At 606 the registration resource is released at the registration location, 
independently of the location which selected the registration resource (e.g. release is not 
effected through communication between the registration location and the selection 
location). At 608 the device subsequently accesses the network using the service resource. 
As Figure 5 demonstrates, the device itself may never communicate or receive the 
registration or service resources; rather, such resources may be employed within the network 
to effect access for the device. 

Having described and illustrated various embodiments, it will be recognized that the 
illustrated embodiments can be modified in arrangement and detail without departing from 
the principles and scope of the present invention. It should be understood that the programs, 
processes, or methods described herein are not related or limited to any particular type of 
data processing apparatus, unless indicated otherwise. Various types of general purpose or 
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specialized data processing apparatus, including desktop computers and workstations, may 
be used with or perform operations in accordance with the teachings described herein. 
Elements of the illustrated embodiments may be implemented in software, hardware, 
firmware, or combinations thereof. 

In view of the many possible embodiments to which the principles of the present 
invention may be applied, it should be recognized that the detailed embodiments are 
illustrative only and should not be taken as limiting in scope. Rather, the present invention 
encompasses all such embodiments as may come within the scope and spirit of the following 
claims and equivalents thereto. 
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